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Farries and Bell in 1930 pointed out that Ashbya gossypii (Ashby and 
Nowell) Guill. (Nematospora gossypii Ashby and Nowell) is unable to 
grow on artificial media unless small amounts of an accessory factor of the 
bios type are added. Buston and Pramanik (1931) established that the 
accessory factor is complex, consisting of at least two components one of 
which is meso-inositol. A second component appears to be a crystalline 
material isolated and studied by Kégl and Ténnis (1936) and by Kégl 
and Fries (1937) and named by them biotin. The empirical formula of 
biotin as given by Kégl (1937) is Ci:HisO3N,S; its structure is unknown. 

The influence of crystalline biotin upon the growth of A. gossypii, as 
determined by Kégl and Fries, is shown in Table I. The fungus was grown 
15 days at 25°C. in 25 ml. of medium containing per liter, 20 g. dextrose, 
5 g. ammonium tartrate, 1 g. NHiNOs, 1 g. KH2POx,, 0.5 g. MgSO,-7H,0, 
0.1 g. NaCl, 0.1 g. CaCl, 10 drops 1 per cent FeCl; and 0.01 g. meso- 


inositol. 
TABLE I 


Effect of crystalline biotin on growth of A. gossypii* 
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2 Data from Kégl and Fries. 
' Supported in part by a grant from the American Philosophical Society. 
[THe BULLETIN FOR FEBRUARY (66: 63-137) WAS ISSUED FEBRUARY 24, 1939] 
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Although the specificity of biotin for A. gossypii has not been de- 
termined, Kégl and Ténnis found that biotin could not be replaced for a 
strain of yeast by auxin a, auxin b, heteroauxin, follicular hormone, 
follicular hormone hydrate, thiamin, ascorbic acid, glutathione, 6-alanine, 
l-trysoline, |-histidine, d-arginine, dl-serine, tryptophane, ]-oxyproline, 
glucosamine, cholin, adenine, phytin, saponin or Knight’s growth vitamin 
for B. sporogenes. Until further evidence is at hand we have assumed that 
the growth of A. gossypii may be used as an indicator of the presence of 
biotin. 
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Fig. 1. Relation between logarithm of dry weight of Ashbya gossypii and logarithm 
of amount of biotin. See text for details. Data from Kégl and Fries. 


Furthermore, the logarithm of the dry weight of the mycelium in mg., 
as given by Kégl and Fries, plotted against the logarithm of the biotin in 
10-*y per flask approximates a straight line (Fig. 1). The relation between 
the amount of biotin per flask and mycelial growth may be expressed by 
the formula log biotin in 10~y = 1.64 log dry wt. mycelium in mg.—0.759. 
Although the data are meager we have used this curve, in lieu of more 
complete information, for estimating the biotin content of various sub- 
stances from the dry weight of A. gossypii grown in their presence. We 
recognize that our determinations are approximations only. 
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Lophodermium pinastri (Schrad.) Chev., another fungus found by Kégl 
and Fries to require biotin, was used in some of our experiments. 


EXPERIMENTAL 


Methods and Materials—The strains of Ashbya gossypii and Lopho- 
dermium pinastri employed were secured from the Centraalbureau voor 
Schimmelcultures, Barrn, Holland. The fungi were grown in 25 cc. of 
medium in 125 ml. Erlenmeyer flasks at 20—25°C. In some of the experi- 
ments the media were inoculated with a bit of the surface growth of the 
organism on agar slants. In other experiments a known aliquot of a spore 
suspension of A. gossypii in sterile water was added to each flask to insure 
uniform inoculation. The medium used in the majority of the experiments 
was solution B. 

KH,PO,—0.5 g. 
MgSO,-7H,O—0.5 g. 
NH,NO;—1.0 g. 
Asparagine—S.0 g. 
Cane sugar—20.0 g. 
m-inosito]—0.2 g. 
Thiamin—0.2 mg. 
Mineral supplements 
Dist. H,O—1000 cc. 


The asparagine was repurified by precipitation from alcohol because we 
have found that the commercial product as shown by its effect upon the 
growth of A. gossypii contains some biotin or a substitute therefor. The 
cane sugar was Pfanstiehl sucrose C.P., lot 409. The mineral supplements 
included boron 0.01 ppm., molybdenum 0.02 ppm., iron (as ferric sulfate) 
0.20 ppm., zinc 0.18 ppm., copper 0.04 ppm. and managanese 0.02 ppm. 
Solutions were sterilized at 15 lbs. pressure in an autoclave. Dry weights 
were determined by filtering the mycelium into a Gooch crucible and dry- 
ing at 100°C. 

A Suitable Nutrient Medium.—The maximum yield of A. gossypii re- 
ported by Kégl and Fries was about 12 mg. dry weight of mycelium. It 
seemed desirable to find a nutrient solution which would permit greater 
growth than they secured. A preliminary test demonstrated that a sample 
of light brown sugar contained biotin. To a solution of 0.5 g. KH:PQ,, 0.5 
g. MgSO,. 7H2O, 1.0 g. of NHsNO; and 20 g. of brown sugar per liter 
various supplements were added as follows: thiamin, 0.2 mg.; asparagine, 
5 g.; inositol, 0.2 g. From 45 to 50 mg. dry weight of mycelium of A. 
gossypii were obtained (Table II) after 20 days growth in those solutions 
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containing asparagine. Although the addition of thiamin and inositol to 
the solution containing asparagine and light brown sugar had little effect 
on the growth of A. gossypii in this medium, both were used in preparing 
solution B in order that it might be used for L. pinastri also. 


TABLE II 


Dry weight of mycelium of A. gossypii and L. pinastri in a medium of mineral salts and 2 per cent 
brown sugar supplemented as indicated. Temp. 25°C., period of growth 20 days. 


DRY WEIGHT OF MYCELIUM, MG. 


ADDITION 
A. gossypii L.. pinastri 
None 2 9.0 
Thiamin 9.5 52.0 
Inositol 15.3 _ 
Thiamin and inositol 10.3 — 
Asparagine 45.5 6.7 
Asparagine and thiamin 47.0 44.5 
Asparagine and inositol 50.0 -- 
Asparagine, inositol and thiamin 45.5 — 


Buston, Kasinathan and Wylie (1938) found asparagine or ammonium 
aspartate satisfactory sources of nitrogen for A. gossypii though am- 
monium salts of inorganic acids and most organic acids were not adequate. 
It is probable that the smaller maximum yields secured by Kégl and 
Fries were because of the NH,NO; and ammonium tartrate used as 
sources of nitrogen in their medium. 

L. pinastri on the other hand is apparently able to utilize ammonium 
nitrate effectively and the addition of asparagine to the medium had no 
beneficial effect (Table II). Furthermore, as found by Kégl and Fries, the 
addition of thiamin which had little or no effect on A. gossypii markedly 
benefited the growth of L. pinasiri. 

Biotin Content of Light Brown Sugar and Molasses~—A sample of 
Coronet New Orleans pure molasses and one of Jack Frost light brown 
sugar (No. 6) were secured. Solution B was prepared with 2 per cent (on a 
dry weight basis) molasses instead of cane sugar. Dilutions of this stock 
solution were made with solution B containing pure cane sugar so that 
media containing 0.2 per cent, 0.02 per cent and 0.002 per cent molasses 
were prepared; in each of these the total sugar concentration was main- 
tained at 2 per cent. Cultures in quintuplicate were inoculated with bits of 
mycelium and the cultures incubated at 20—-25°C. for 20 days. A similar 


procedure was followed with the light brown sugar. The results are given 
in Table III. 
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TABLE III 


Dry weight of A. gossypii, above, and L. pinastri, below, grown 20 days in 25 ml. of solution B with 
various amounts of light brown sugar or molasses. The total concentration of sugar was 
maintained at 2 per cent by suitable additions of pure cane sugar 











DRY WEIGHT OF MYCELIUM, MG. 
PERCENTAGE IMPURE SUGAR eepicrremen ae = 














2 0.2 0.02 0.002 
Light brown sugar | 31.9 14.6 6.5 6.6 
Molasses 65.6 60.7 18.0 8.4 
Check (pure cane sugar) 5.3 -- -— 
Light brown sugar 64.2 16.2 1.6 1.6 
Molasses | 88.8 48.6 7.4 1.0 
Check (pure cane sugar) 0.8 -— —_ - 











In solution B with pure cane sugar (check) the yield of mycelium of 
A. gosspyii was 5.3 mg. per flask. When light brown sugar was substituted 
for pure cane sugar the yield was 31.9mg. When the proportion of brown 
sugar was ().2 per cent and of pure sugar 1.8 per cent the yield was reduced 
to 14.6 mg. Further reductions in the percentage of brown sugar resulted 
in further decreases in growth. The growth in the solutions containing 
molasses was greater than that in those containing equal amounts of the 
brown sugar. This was taken to mean a higher biotin content in the 
molasses than in the light brown sugar. 

The growth of A. gossypii in solution B containing pure cane sugar 
(5.3 mg.) was many times the 0.2 mg. found by Kégl and Fries in their 
check solution. We believe that the growth in our check solution was due 
to the biotin carried in the inoculum and not because the pure cane sugar 
or other constituents of solution B contained biotin. This conclusion was 
drawn from experiments in which the amount of inoculum was varied by 
diluting a spore suspension with sterile water and using the same volume 
of the various spore dilutions for inoculum. 

The effect of quantity of inoculum is shown by the following experi- 
ment: Triplicate flasks of solution B were inoculated with one drop of a 
spore suspension. The spore suspension was diluted 10 times and 3 flasks 
inoculated with 1 drop of the diluted suspension. The same procedure was 
followed with a dilution of 0.01 and 0.001. All cultures were grown 15 days 
at 23-25°C. At the 0.01 dilution approximately 40 colonies developed in 
each flask. The dry weight of the mycelium produced at dilution 1 was 6.4 
mg. per flask; at dilution 0.1, 3.3 mg.; at 0.01, 0.2 mg. and at 0.001, 0.1 
mg. Had solution B contained sufficient biotin to form 5.3 mg. of mycelium 
we should expect approximately the same dry weight at the various spore 
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dilutions. We conclude, therefore, that the growth in solution B with pure 
cane sugar was the result of the inoculum and differences in the yields in 
the check solutions of various experiments was because different quantities 
of inoculum were used in the various experiments. 

The estimation of the biotin content of molasses and of the light brown 
sugar was made as follows: The growth in 2 per cent light brown sugar 
less that in the check solution was 26.6 mg. which is equivalent to 
36 X 10-*y of biotin per flask as estimated from the curve in Fig. 1. At 0.2 
per cent brown sugar the net growth was 9.3 mg. which is equivalent to 
6.6X 10-*y of biotin. A similar procedure was followed in estimating the 
biotin content in 0.02 per cent brown sugar and the various concentrations 
of molasses, omitting those yields which differed from the check by less 
than one milligram and those at the higher concentrations (2 per cent 
molasses) where marked inhibition of growth began to appear. The 


TABLE IV 


Dry weight in mg. of A. gossypii after 15 days in solution B containing various amounts of impure 
sugar. The total concentration of sugar was maintained at 2 per cent by 
suitable additions of pure cane sugar 





DRY WEIGHT OF MYCELIUM MG. 
PERCENTAGE IMPURE SUGAR ae — ——. —— 





2 0.2 0.02 0.002 
Unfiltered sugar 0.2 23.6 12.8 8.2 
Press filtered sugar 27.7 13.5 9.3 7.7 
Washed remelt sugar 14.0 9.5 7.6 7.0 


Check (pure cane sugar) 7.0 — — — 





amounts of biotin per flask are given in Table VI. It is clear that in these 
preliminary experiments the accuracy of determination of amount of 
biotin is not great since the biotin per flask at 0.2 per cent should be 0.1 
of that at 2 per cent and so on. Discrepancies are evident. 

The response of L. pinastri to the light brown sugar was similar to 
that of A. gossypii. Greater growth occurred in the molasses than in the 
brown sugar and with dilution of the impure sugars the growth decreased. 

Biotin Content of other Sugar Samples——Since molasses appeared to 
have more biotin per unit of material than brown sugar, we wished to 
test other sugars of different purities. Through the courtesy of the Ameri- 
can Sugar Refining Company samples of crude unfiltered refinery syrup, 
press filtered sugar syrup, and washed remelt sugar were obtained. The 
press filtered sugar syrup was darker in color than the Jack Frost light 
brown sugar and the washed remelt sugar was lighter in color. Solution B 
containing 2 per cent on a dry weight basis of each of these samples was 
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prepared and diluted with solution B containing 2 per cent pure cane sugar. 
The experiment was conducted in triplicate. The growth in pure cane sugar 
(Table IV) amounted to 7.0 mg. The unfiltered syrup gave the greatest 
yield though at 2 per cent concentration growth was inhibited probably 
because of salt concentration. The amount of biotin per flask was esti- 
mated as before from the curve in Fig. 1 and the results are given in 
Table VI. 

Biotin Content of Miscellaneous Materials—In addition to the de- 
terminations of biotin in different sugar samples, some were made of vari- 
ous materials as follows: Clay’s fertilizer, a patent fertilizer made in Lon- 
don, England; egg yolk, coagulated, Bacto from the Difco laboratories; 
cerophyl, a dry powdered preparation of cereal grasses prepared by the 
American Dairies Incorporated of Kansas City, Mo.; malt flour made by 
crushing malt in a press under about 12,000 lbs. pressure and collecting the 
flour which could be rubbed through a fine sieve; peat, a partially de- 
composed sphagnum peat used in mulching; liquid manure, prepared by 
leaching cow manure. 

In each instance, except for the liquid manure, 2 per cent of the ma- 
terial was boiled for } hour in solution B without sugar and filtered 
through Whatman No. 50 and No. 42 filter paper. To the filtrate 2 per 
cent pure cane sugar was added and the solution diluted with solution B 
containing 2 per cent cane sugar to obtain various concentrations. To the 
liquid manure which contained 0.34 per cent dry matter 2 per cent cane 
sugar was added and the solution diluted with solution B containing 2 per 
cent cane sugar. The experiment was run in triplicate for 15 days. 


TABLE V 


Dry weight of mycelium of A. gossypii grown 15 days in solution B plus various quantities 
of the substances given. All solutions contained 2 per cent pure cane sugar 


DRY WEIGHT OF MYCELIUM, MG. 
PERCENTAGE SUBSTANCE a — — —__—____—— — 7 a 




















2 0.2 0.02 0.002 
Clay’s fertilizer 22.1 13.5 7.3 ey 
Egg yolk no growth 19.7 10.8 5.8 
Cerophyl 46.6 27.2 53.3 6.4 
Malt flour 39.3 14.2 4.9 5.0 
Peat 9.2 SS Sa 5.0 
Liquid manure — no growth 28.3 10.2 
Check (pure cane sugar) 5.3 -- _ _ 








The growth in solution B containing pure cane sugar (check) amounted 
to 5.3 mg. (Table V). The egg yolk at the highest concentration and the 
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liquid manure at 0.2 per cent inhibited growth. The amounts of biotin 
per flask estimated from the dry weight by means of the curve in Fig. 1 
are given in Table VI. 

TABLE VI 


Biotin content in 10-* y per flask at various dilutions of substances given 


AMOUNT OF BIOTIN PER FLASK 10° GAMMA 
PERCENTAGE SUBSTANCE a ™ 





2.0 0.2 0.02 0.002 
Light brown sugar 36.0 6.6 0.24 
Molasses — 11.0 1.1 0.22 
Unfiltered sugar — 16.5 3.0 _ 
Press filtered sugar 23.5 3.7 0.7 — 
Washed remelt sugar 4.2 0.78 — — 
Clay’s fertilizer 17.0 5.5 0.55 — 
Egg yolk (dried) _ 13.0 2.8 —_— 
Cerophyl 72.0 26.0 3.2 0.21 
Malt flour 53.0 6.0 
Peat 1.6 _- 
Liquid manure — 28.0 2.3 


Biotin Content per gram.—From the data in Table VI we have calcu- 
lated the amount of biotin per gram dry weight of the various materials 
used (Table VII). In general, we regard the amounts determined at the 
lower concentrations as more accurate because in many instances at the 
higher concentrations toxicity inhibits growth to a greater or less extent. 
It may be possible also that the curve in Fig. 1 is not accurate for the 
larger amounts of biotin. 


TABLE VII 


Amount of biotin in 10~ y per g. in various substances tested 


BIOTIN PFR G. 10°? GAMMA 





Unfiltered syrup 600 


Molasses 220 
Press filtered sugar 107 
Light brown sugar 60 
Washed remelt sugar 11 
Clay’s fertilizer 110 
Egg yolk 560 
Egg yolk (Kégl) 530 
Cerophyl | 585 
Malt flour 118 
Peat 3 
Liquid manure (per ml.) 5,100 
Liquid manure (per g. dry matter) 150,000 
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For example, the 50 mg. of unfiltered syrup in each flask at the 0.2 per 
cent concentration contained 16.5x10-*y of biotin or 320 10-*y per g. 
On the basis of the determination made at the 0.02 per cent concentration 
the figure would be 600 10-*y per flask. We have used the latter figure 
(Table VII) and eliminated the former because of the inhibition of growth 
at higher concentrations of the unfiltered syrup. Molasses at both 0.2 
and 0.02 per cent (Table VI) gives us 220 10-*y of biotin per gram. For 
0.2 per cent light brown sugar we believe the amount of biotin per flask 
as determined is too high and in estimating the biotin per gram of light 
brown sugar have averaged the values obtained at 0.02 and 2 per cent 
concentrations. For the press filtered sugar syrup we have averaged the 
values calculated from the amounts of biotin at 0.02 and 0.2 per cent; 
and for the washed remelt sugar we have taken an average of the values 
calculated from the amounts of biotin at 0.2 and 2 per cent. The biotin 
per g. of Clay’s fertilizer is the same, 110 10-*y, as determined at 0.02 
and 0.2 per cent. For egg yolk we considered as more reliable the biotin 
content estimated from the results secured at 0.02 per cent. The biotin 
content of cerophyl per g. was obtained by averaging the figures calculated 
from the biotin per flask at 0.02 and 0.2 per cent; and for malt flour 
an average was taken of the values obtained at 0.2 and 2 per cent. 

Extraction of Biotin from Molasses——An attempt was made to concen- 
trate biotin from molasses. The molasses was neutralized with Ba(OH)s: 
and extracted with methl alcohol which was removed under reduced pres- 
sure. The residue from the methyl alcohol extract was taken up in water 
and treated with CO, to remove the barium. The solution was then treated 
with “‘decalso”’ which had been previously extracted with acetic acid, HCl 
and KCl. The “‘decalso”’ was extracted with ammoniacal acetone, the ex- 
tract evaporated to dryness and taken up in 80 per cent ethyl alcohol. 
The alcohol was evaporated and the residue dissolved in water. 

The extract prepared as above was added to solution B containing 
pure cane sugar in amounts equivalent to 50 per cent, 10 per cent, 2 per 
cent and 0.4 per cent molasses. The dry matter added per flask for each 
of these concentrations was 34.0 mg., 6.8 mg., 1.35 mg. and 0.27 mg. re- 
spectively. The cultures were grown in triplicate at 25°C. for 15 days. The 
dry weights are given in Table VIII. From the net dry weights the 
biotin content per flask was estimated by using the curve in Fig. 1. For the 
lower concentrations the amount of biotin per flask agrees well with the 
dilutions. In the last column of Table VIII we have given the biotin con- 
tent per g. of dry matter in the extract. 

By the extraction the biotin per g. of dry matter was concentrated 
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TABLE VIII 


Dry weights of mycelium of A. gossypii grown in solution B plus various amounts 
of an extract of molasses and the amount of biotin calculated from the growth 








EXTRACT EQUIVALENT TO DRY WEIGHT NET DRY BIOTIN PER FLASK, BIOTIN PER G. 
MOLASSES OF MYCELIUM, MG. WEIGHT, MG. 10°3 GAMMA 10°? GAMMA 

50 per cent 50.0 31.2 60.0 1620 

10 per cent 31.9 19.1 re 3200 

2 per cent 18.6 5.8 3.0 2200 

0.4 per cent 14.9 2.1 0.6 2200 


Check 12.8 


about ten times, an unsatisfactory result. However, the figures are of 
interest because they indicate that the method of determining biotin is of 
some reliability. 

Substitutes for Biotin—A sample of 50 per cent calcium pantothenate 
supplied by Dr. R. J. Williams, was used in solution B with 2 per cent 
cerelose at 0.5, 0.05, 0.005, 0.0005, 0.00005 and 0.000005 mg. per flask. 
No effect was observed on the growth of A. gossypii. A less pure sample, 
pantothenic acid concentrate, Ca salts, No. 133, gave some increase in 
growth at 5 mg. per flask. We conclude that biotin and pantothenic acid 
are not identical though impure samples of the latter may contain some 
biotin. 

Pure crystalline B,, supplied through the courtesy of Merck and Co., 
was added in amount of 10y, ly, 0.1y or 0.01y per flask of solution B. 
No effect on the growth of either A. gossypii or L. pinastri was observed. 
We conclude that biotin and B, are not identical. 


DISCUSSION 

The results of these preliminary experiments are not presented as 
definitive findings but as suggestive ones only. Before much reliability can 
be placed on the use of A. gossypii for the quantitative estimation of biotin 
further studies should be made of the relation between the dry weight of 
the organism and amount of biotin under various conditions (media, 
temperature, etc.). However, the quantity of biotin we found in dried egg 
yolk agrees fairly well with that found by Kégl and Ténnis using yeast 
growth as a means of estimating biotin content. Furthermore, the results 
with various sugars are of the order which might beanticipated, the amount 
of biotin per g. decreases as the sugar is purified. The purity of the sugar 
samples may be roughly estimated from their ash contents. On a dry weight 
basis they were as follows: Unfiltered syrup, 8.9 per cent; Coronet mo- 
lasses, 8.25 per cent; press filtered washed syrup, 3.08 per cent; light brown 
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sugar No. 6, 0.92 per cent; light brown sugar No. 5, 0.84 per cent and 
washed remelt sugar, 0.075 per cent. The biotin contents of these various 
sugars are not directly proportional to their ash contents, but the arrange- 
ment of the sugars in the order of their biotin contents and of their ash 
contents is the same. 

Kégl and Toénnis used the growth of a strain of yeast for estimating 
biotin, and their method is preferable to the use of A. gossypii, because the 
time necessary for a determination with yeast is but 5 hours. When time 
is not a factor the growth of Ashbya might be employed and perhaps under 
certain circumstances might be a better means than yeast. In our experi- 
ments, L. pinastri was not as sensitive as A. gossypii to the more minute 
quantities of biotin. 

Of the substances investigated, liquid manure contained the largest 
amount of biotin per g. dry matter. Whether the biotin was derived entirely 
from the manure which was leached or in part from bacterial growth while 
the liquid manure stood in the pit remains to be determined. In any event, 
liquid manure would seem to be a better source of biotin than dried egg 
yolk from which Kégl and Ténnis originally isolated it. It is probable that 
the evaporated juice of the sugar cane from which the first crystallization 
of sugar is made is richer in biotin than dried egg yolk. The unfiltered 
syrup, cerophyl and dried egg yolk were about equally rich in biotin and 
superior to the other substances investigated. Since the biotin is removed 
in the purification of the sugar, it is probable that the original evaporated 
sugar cane juice would show a still higher biotin content than that found 
in any of the sugar samples investigated, and the bone black used in sugar 
refining might contain considerable adsorbed biotin and prove a superior 
source for that growth substance. 

It is possible that, like thiamin, biotin is a growth substance needed 
by all or almost all organisms and like thiamin some of them are able to 
construct it from more elementary materials while others, lacking that 
ability, require an external supply. Aside from a few fungi which have 
been demonstrated to need for growth an external supply of biotin and 
strains of yeast with which Kégl has worked little is known of the biotin 
requirements of living organisms. Kégl and Haagen Smit (1936) reported 
that biotin increases the growth in length of pea seedlings from which 
cotyledons have been removed. Kégl, Thimann and Went, see Went and 
Thimann (1937), found that biotin increases the roots on etiolated pea 
stems. Progress in our knowledge of the importance of biotin as a growth 
substance and of its function will be delayed until adequate quantities of 
pure biotin are available. 
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SUMMARY 


A means of estimating amounts of biotin from the growth of Ashbya 
gossypii based on data from Kégl and Fries is described. 

The amount of biotin in a sample of liquid manure was found to be 
150,000 10-* y per g. of dry weight, unfiltered syrup, cerophyl and 
egg yolk contained about 600 units and other substances tested smaller 
quantities. 

The amount of biotin decreased with the purity of the sugar samples 
tested. 

Neither pantothenic acid nor vitamin B, were found to replace biotin. 


THe New York BoraANICAL GARDEN, 
AND DEPARTMENT OF BOTANY 
CoLUMBIA UNIVERSITY 
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Oligocene Island Fungi 


WiiiiaM A. MuRRILL 


Since I have been spending my summers in Florida a new mycological 
world has been opened up to me, with many strange and wonderful forms 
never heard of, nor even dreamed of, before. As I write these lines I note 
on a blotter beside me that three hundred and twelve new species have 
been described from this region during the past year. Why are they here 
in the first place; and why have they been overlooked for so long? I be- 
lieve I have the answer to both of these questions. 

The ‘Oligocene Island’”’ extends from near the south bank of the 
Suwannee River to the south end of St. Petersburg Bay; and Alachua 
County, the special field of my recent explorations, lies well within its 
boundaries. All this region was once a real island and retained its insular 
character continuously over a period of at least twelve million years before 
being connected with the mainland. Its early climate being tropical, its 
original species were naturally those of adjacent lands in tropical America, 
while its insular character favored the development of many new species 
from the original ones. 

These endemic species, being produced in a warm climate, naturally 
prefer summer to winter, especially since the Florida summer is also the 
season of frequent rains. But American mycologists have had a different 
preference, shunning Florida during the summer months and thus allowing 
these wonderful endemic species to rot where they grew. It has just been 
my good fortune to see them first; that is all. 

A different story, which does not interest me at the moment, would 
deal with the migration of species from the Oligocene Island both south- 
ward and northward when conditions became favorable and the introduc- 
tion of northern species during successive periods of glaciation in the 
Pleistocene, the whole making a tale so complicated, so fascinating, as to 
be almost unbelievable. 

A few selected tropical species found in Alachua County will serve for 
illustration. Many of these are widely distributed in tropical America 
and some have made their way into the warmer parts of the United States. 


Armillaria alphitophylla Coriolus pinsitus Hexagona daedalea 
Armillaria Boryana Coriolus sector Microporellus mutabilis 
Lentinus crinitus Cycloporellus iodinus Nigroporus vinosus 
Lepiota Morgani Earliella corrugata Pogonomyces hydnoides 
Plicatura lateritia Elfvingia tornata Poria vincta 

Stereum elegans Gloeophyllum striatum Pycnoporus sanguineus 
Stereum lobatum Hapalopilus licnoides Rigidoporus surinamensis 


Coriolopsis crocata 
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Some rather peculiar things have happened in connection with the d 
migration of these tropical species to the Oligocene Island. /nonotus fruti- I 
cum, for example, described from specimens growing on shrubs in Cuba, 
is found here only on the dwarf papaws, often in abundance. Another t 
example of specialization in host is Coriolus membranaceus taxodii, found 0 
here only on cypress, the typical form of the species being absent. Fomes c 
geotropus, coming up from the West Indies, seems to have continued its li 
normal life on hardwoods and also developed a special race on cypress. | o 
Polyporus virgatus, from Cuba, expanded into quite a different thing as 0 
P. Rhoadsii; while Hirneola Wrightii, known only from Alachua County l 
and Cuba, may have originated in either place and migrated to the other. t 

But the development of endemic species in the long period of quiet on 
Oligocene Island has interested me most during the past few years. To a 
illustrate, I will use four genera of fleshy fungi, Boletus, Agaricus, Russula, n 
and Amanita. In the first the northern species commonly seen are B. 
edulis, B. communis, B. bicolor, B. granulatus, B. luridus, B. felleus, and 
B. strobilaceus; while several others are rare or frequent. But when one a 
wants a fine mess for a party he goes for B. aureissimus; for size he seeks 
out B. pisciodorus; and for beauty B. ananas, B. hemichrysus, B. sub- - 
flavidus, or B. pictiformis. These are strange names to the northerner; as 
the boletes are strangers to the tropics. . 

In Agaricus the chief pasture species is A. projectellus, the woodland 
species A. pocillator, the sand-loving species A. floridanus, and the lover : 
of cultivated land A. auricolor. Even A. placomyces is represented by its ‘ 
var. badius; while the only northern species commonly seen is A. sylvicola. . 
This genus resembles Boletus in its aversion to a strictly tropical climate. k 

In Russula there is a lavish display of endemic species. As in the case g 
of the chemical elements, one can select his requirements in advance and a 
always find a species to fit them—sometimes three or four! The lovers of 
the lawns are R. subalbidula, R. subochrophylla, and R. uncialiformis, ( 
as well as the well-known temperate species, R. pectinatoides. In the woods n 
one finds R. Mariae, R. crustosa, and R. variata, but more abundant than d 
all these is R. heterospora, that species with the remarkable spores dis- 
covered by Beardslee. I have no doubt that it originated right here on i 
Oligocene Island. fl 

And the same holds good, I am sure, for many local species of Amanita. 

Among the common temperate species might be listed A. flavoconia, A. b 
gemmata, A. phalloides, A. verna, and A. flavorubescens; but the species n 
one encounters most frequently about the haunts of men is A. Roanokensis, r 
a radical departure in the matter of spores that doubtless originated here c 


and spread sparingly northward as far as North Carolina, where Coker a 
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discovered it. There are also several other species here, close relatives of A. 
Roanokensis, with cylindric spores. 

The genus Amanita as represented in Alachua County affords one of 
the best opportunities I know to study and use odors in the differentiation 
of species. Unfortunately, some persons are odor-blind just as others are 
color-blind but I have no complaint to make; as my A. anisata, A. subal- 
liacea, A. virosiformis, A. alliacea, and A. odorifera will indicate. There are 
odors of the kitchen, of boiling beef, of anise, of chloride of lime, of wild 
onion, of skunk, of carrion, and of ground bone mixed with caramel. The 
last-mentioned combination persisted for months in the herbarium after 
the mummified remains of A. odorifera were neatly laid away. 

Perhaps I have said enough to show that I am enjoying the delights 
and responsibilities of a region quite novel and exceedingly interesting 
mycologically. 

Numbers cited in describing the following new species refer to collec- 
tions in the herbarium of the Florida Agricultural Experiment Station, 
at Gainesville. 

Lepiota praegraveolens sp. nov. Pileo convexo-depresso, 6-8 cm. lato, 
glabro, albo; sporis globosis, 10u; stipite albo, 101 cm.; annulo albo. 

Pileus convex to deeply depressed, gregarious, 6-8 cm. broad; surface 
smooth, glabrous, white, unchanging, margin inflexed, widely sterile, appendic- 
ulate; context thin, white, unchanging, taste decided but not specially un- 
pleasant, odor very strong and disagreeable, earthy mixed with something 
worse; lamellae free to remote, tapering behind, narrow, crowded, inserted, 
white, unchanging, edges thin, uneven and much eroded; spores globose, 
apiculate, finely roughened, granular, hyaline, about 10u; cystidia none; stipe 
long, solid, equal above the onion-shaped bulb, beautifully longitudinally 
grooved, subglabrous, white, unchanging, about 101 cm.; annulus near the 
apex, white, membranous, fixed, clinging like a ragged, wet skirt. 


Type collected by W. A. Murrill in open, grassy soil near a stable in 
Gainesville, Fla., Oct. 25, 1938 (F 18298). A remarkable species, probably 
nearest to L. naucina, but unattractive to the mycophagist because of its 
disagreeable odor. The surface of the sphores is distinctly roughened. 


Lepiota rubriceps sp. nov. Pileo convexo-plano, umbonato, 1 cm. lato, 
rubro; lamellis ochroleucis; sporis 6X4; stipite 1.5 cm. longo; annulo sub- 
flavo, rubro-marginato. 

Pileus convex to plane with a conspicuous rounded umbo, solitary, 1 cm. 
broad; surface smooth, minutely tomentose under a lens, uniformly ruber, 
margin even, entire; context very thin, white, unchanging; lamellae free, 
rounded behind, ventricose, inserted, rather broad, crowded, entire, ochroleu- 
cous; spores elongate-ovoid, smooth, hyaline, obliquely apiculate, 1-guttulate, 
about 6X4u; cystidia none; stipe equal, smooth, glabrous above the ring, 
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slightly viscid and stramineous below, 1.50.15 cm.; annulus fixed, median, 
membranous, small, pale-yellow, the margin red and pointing upward. 


Type collected by West and Murrill on the ground under hardwood 
trees in South Planera Hammock, eleven miles northwest of Gainesville, 
Fla., Oct. 26, 1938 (F 18307). Very pretty and dainty, with short, white 
stem, yellow gills and red cap. 

Lepiota subcristatella sp. nov. Pileo convexo-plano, 1.5 cm. lato, albo, 
fibrilloso; sporis ellipsoideis, 6-7 X3-4u; stipite subviscido, clavato, rosei- 
avellaneo, 3X0.05—0.1 cm.; annulo albo. 

Pileus convex to plane, becoming umbonate when dried, solitary, about 
1.5 cm. broad; surface dry, pure-white, fibrillose, glabrous on the isabelline 
disk, becoming striate when dried; context very thin, white, unchanging; 
lamellae free, inserted, medium broad, medium distant, finely fimbriate, white, 
unchanging; spores ellipsoid or ovoid, smooth, hyaline, obliquely apiculate, 
l-guttulate, 6-7 X3-4y; stipe tapering upward from a clavate base, slightly 
viscid, minutely pruinose, pallid to rosy-avellaneous, about 3 cm. long and 
0.5-1 mm. thick; annulus fixed below the middle, white, membranous, per- 
sistent. 


Type collected by West, Arnold and Murrill on the ground under 
hardwood trees in Planera Hammock, eleven miles northwest of Gaines- 
ville, Fla., Oct. 21, 1938 (F 18305). Also collected by the same persons at 
Sugarfoot, Oct. 18, 1938 (F 18293). Found sparingly in the autumn under 
hardwood trees, usually solitary, looking very white and neat. 

Lepiota subdryophila sp. nov. Pileo convexo, umbonato, 4 cm. lato, albo, 
umbrino-squamuloso; sporis 9-10X7-—8y; stipite albo, glabro, 6X0.4 cm.; 
annulo amplo, albo et rubro-brunneo. 

Pileus broadly convex with a broad umbo, gregarious, about 4 cm. broad; 
surface dry, white, with umbrinous umbo and umbrinous, small, pointed 
scales; context thin, white, unchanging; lamellae free, close, medium broad, 
inserted, entire, white, with a faint pink tint when dried; spores broadly ellip- 
soid or ovoid, smooth, hyaline, obliquely apiculate, 1-guttulate, 9-10 X 7—8y; 
cystidia none; stipe bulbous, smooth, glabrous, white, dark-gray in dried speci- 
mens, about 6X0.4cm.; annulus 2 cm. from the apex, ample, fixed, membra- 
nous, white, reddish-brown below. 


Type collected by West, Arnold and Murrill on a rotten hardwood log 
in Planera Hammock, eleven miles northwest of Gainesville, Fla., Oct. 21, 
1938 (F 18297). Near L. dryophila Murrill, found on an oak log in New 
Orleans, but having a much slenderer stipe. The dried specimens are very 
pretty with their tiny scales and the faint blush on their gills. 

Russula albiflavescens sp. nov. Pileo convexo-subdepresso, 4 cm. lato, 
albo, striato, sapore grato; sporis ochroleucis, tuberculatis, 8 X6y; stipite 
albo, clavato, 5X0.7-1 cm. 
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Pileus convex to slightly depressed, solitary, 4 cm. broad; surface slightly 
viscid, glabrous, milk-white, slightly yellowish when dry, margin sulcate- 
striate; context thin, white, unchanging, odorless, mild; lamellae adnate, equal, 
a few forked at the base, medium broad, medium distant, entire, pallid to 
ochroleucous; spores broadly ellipsoid, strongly tuberculate, apiculate, ochro- 
leucous in mass, about 8X6u; cystidia none; stipe tapering upward from a 
clavate base, slightly enlarged at the apex, smooth, glabrous, white, unchang- 
ing, 5X0.7-1 cm. 


Type collected by W. A. Murrill in soil under Pittosporum in Gaines- 
ville, Fla., Oct. 25, 1938 (F 18294). Pure-white with decidedly yellow 
spores and very light in weight when dried. Probably nearest to R. Westii 
Murrill but entirely distinct from it. 


Russula pinetorum sp. nov. Pileo convexo-depresso, 6 cm. lato, roseo- 
isabellino, acrido; lamellis adnatis, albis, sporis albis, 8-10 X 6—8y; stipite sub- 
pallido, 5X1 cm. 

Pileus convex to somewhat depressed, solitary, 6 cm. broad; surface slightly 
viscid, smooth, glabrous, varied with pallid and pale-rosy-isabelline; margin 
entire, slightly striate, peeling readily; context white, unchanging, odorless, 
very thin, soon becoming decidedly acrid and bitter; lamellae adnate, some 
forked at the base, practically all equal, ventricose, medium broad, rather 
close, entire, pure-white, unchanging; spores globose to broadly ellipsoid, 
distinctly echinulate, chalk-white in mass. 8-10X6-8u; cystidia none; stipe 
equal, except abruptly enlarged at the apex, smooth, glabrous, very-pale- 
avellaneous, drying reddish-brown, about 5X1 cm. 


Type collected by W. A. Murrill on the remains of a decayed pine log 
just east of Gainesville, Fla., Oct. 29, 1938 (F 18315). In the dried speci- 
mens the colors are brighter, showing purple and slightly greenish tints, 
while the stem is collapsed as in Tricholoma. 

Russula subobscura sp. nov. Pileo convexo-depresso, 4-6 cm. lato, pur- 
pureo-rubro, sapore grato; sporis ochroleucis, echinulatis, 9X7; cystidiis 
60-75 X10-12u; stipite albo, 5X 1.5 cm. 

Pileus convex to depressed, gregarious, 4-6 cm. broad; surface uneven, 
glabrous, dark-purplish-red, margin even, entire, peeling readily; context 
thin, odorless, mild, white, slightly gray when dried; lamellae subadnate, 
ventricose, medium broad, equal, some forked at the base, medium distant, 
entire, white to ochroleucous; spores ochroleucous in mass, broadly ellipsoid, 
distinctly echinulate, some 1-guttulate, about 9X7; cystidia abundant, re- 
sembling spear-heads, ventricose, pointed, hyaline, 60-75X10-12y; stipe 
equal, smooth, glabrous, milk-white, becoming griseous or fumosous when 
handled or on drying, about 5X1.5 cm. 


Type collected by West and Murrill on the ground under hardwood 
trees in South Planera Hammock, eleven miles northwest of Gainesville, 
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Fla, Oct. 26, 1938 (F 18301). Apparently rare, found only once. The cys- ser 
tidia are very striking, as is the change in the stem from pure-white to ap’ 
dark-steel-gray. sm 
Russula subsericeonitens sp. nov. Pileo convexo-subdepresso, 5 cm. lato, 
atropurpureo; lamellis adnexis, albis, sporis albis, 6-8 X6-7y; stipite albo, at 
5X 1-1.3 cm. - 
Pileus convex to slightly depressed, solitary, about 5 cm. broad; surface 
slightly viscid, smooth, subglabrous, opaque, atropurpureous, blackish on the 
disk, margin even, entire, peeling easily; context thin, white, unchanging, alt 
odorless, mild at first, becoming slightly acrid but eaten by squirrels; lamellae - 
almost free, narrow and blunt behind, medium broad in front, mostly equal, 
none forked, medium distant, white, unchanging; spores chalk-white in mass, dry 
globose to broadly ellipsoid, distinctly echinulate, 1-guttulate, 6-8 X6-7y; wh 
cystidia none; stipe slightly tapering upward, glabrous, somewhat uneven, — 
white, unchanging, 5X1-—1.3 cm. a 
Type collected by W. A. Murrill in wet soil in a low hammock under 
pine and hardwood trees at Gainesville, Fla., Oct. 28, 1938 (F 18310). Pl: 
Much like R. sericeonitens but drying thinner and lighter; and having 19 
spores that vary to broadly ellipsoid, gills that do not fork and are nar- , 
rower and more distant, and flesh that tastes slightly acrid after a short lat 
time. hn 
Russula Watsoniana sp. nov. Pileo convexo-subdepresso, 8 cm. lato, roseo 
ad cremeo, sapore grato; lamellis adnatis, sporis ochroleucis, 10-12 X6-8y; gla 
cystidia 60 X10u; stipite subroseo, glabro, 5X1.5 cm. pal 
Pileus convex to slightly depressed, solitary, 8 cm. broad; surface smooth, ad. 
glabrous, rosy-avellaneous-isabelline with some cremeous shades, margin even, for 
entire, peeling but slightly; context thick, firm, white, unchanging, odorless, gla 
mild; lamellae adnate, some forked at the base, equal, plane, broad, close, wh 
entire, white to ochroleucous; spores broadly ellipsoid, strongly echinulate, 
ochroleucous in mass, 10-12X6-8y; cystidia like lance-heads, abundant, 
smooth, hyaline, ventricose, pointed, about 60X10u; stipe equal, smooth, _ 
glabrous, solid, pale-roseous, about 5X1.5 cm. . 
Type collected by J. R. Watson and W. A. Murrill on the ground in st 
mixed woods just east of Gainesville, Fla., Oct. 29, 1938 (F 18316). A fine, De 
firm species, enjoyed by squirrels, having a mixture of pale colors on the M. 
cap and a pale-rosy stem. Dr. Watson is a well-known entomologist who 
finds many interesting insects on the fungi. - 
Clitocybe subpinophila sp. nov. Pileo convexo, 4-5 cm. lato, glabro, roseo- sti 
isabellino; lamellis albis, confertis, sporis ovoideis, 5 X 3u; stipite albo,4X0.4cm. 
Pileus broadly convex, solitary, 4-5 cm. broad; surface dry, smooth, gla- fac 
brous, uniformly rosy-isabelline, margin paler, even, slightly lobed; context cer 


very thin, white, odorless; lamellae short-decurrent, narrow, crowded, in- 
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/S- serted, entire, white, unchanging; spores broadly ovoid, tapering at one end, 

to apiculate, smooth, hyaline, about 5X 3u; cystidia none; stipe equal, flexuous, 
smooth, glabrous, white, unchanging, 40.4 cm. 

Lo, Type collected by W. A. Murrill on the ground under hardwood trees 

ie at Gainesville, Fla., Sept. 3, 1938 (F 18323). A rare species, neither umbo- 
nate nor umbilicate, distantly suggesting C. pinophila (Peck) Sacc. 

a Clitocybe subtruncicola sp. nov. Pileo convexo-subdepresso, 2-3 cm. lato, 

1g, albo; lamellis adnatis, sporis ovoideis, 3 X 2u; stipite albo, pruinoso, 3X0.2-0.4 

iia cm. 

al Pileus convex to slightly depressed, gregarious, 2-3 cm. broad; surface 

=e dry, smooth, glabrous, milk-white, unchanging, margin even, entire; context 

"te white, mild, odorless; lamellae adnate with decurrent tooth, rather broad, 

ue inserted, close, entire, white, unchanging; spores ovoid, smooth, hyaline, about 

3X 2yu; cystidia none; stipe equal or tapering upward, tough, smooth, pruinose, 

white, unchanging, about 3X0.2-0.4 cm. 

“ Type collected by West, Arnold and Murrill on a rotten oak log in 

Planera Hammock, eleven miles northwest of Gainesville, Fla., Oct. 21, 

ng 1938 (F 18302). White throughout, with small, ovoid spores. 

ss Gymnopus aurantiacus sp. nov. Pileo hemisphaerico, caespitoso, 1.5—2 cm. 
lato, aurantiaco ad ochraceo-ferrugineo, glabro; lamellis adnatis, albis; sporis 
fusoideis, 6-8 X3 yw; stipite glabro, albo fulvoque, 4X0.2-0.4 cm. 

co Pileus regularly hemispheric, cespitose, 1.5—2 cm. broad; surface smooth, 

Su glabrous, uniformly orange when young, becoming ochraceous-ferruginous or 
paler, margin even, entire; context membranous, tough, not reviving; lamellae 

th, adnate, arcuate, medium distant, narrow, inserted, entire, white; spores fusi- iA 

“n, form, smooth, hyaline, 6-8 X 3u; cystidia none; stipe tapering upward, smooth, | 

3S, glabrous, slightly pruinose at the apex, white above, rusty to fulvous below, 

se, white-tomentose at the base, about 4X0.2-0.4 cm. 

= Type collected by West, Arnold and Murrill on much-decayed oak 


th. wood in Planera Hammock, eleven miles northwest of Gainesville, Fla., 
July 21, 1938 (F 17904). Also collected by West, Arnold and Murrill on a 
hardwood log in Planera Hammock, July 16, 1938 (F 17803); and by West 
and Murrill on an oak log in Kelley’s Hammock, July 19, 1938 (F 18281). 
Densely clustered, abundant, and highly colored. It might easily go into 
Marasmius but does not revive when moistened. 


Gymnopus castaneidiscus sp. nov. Pileo convexo-subexpanso, 4-8 cm. 


lato, castaneo vel badio, glabro; lamellis praeconfertis, sporis 7-8X3.5—4y; 
cO- stipite clavato, 4-6 X0.6-1 cm. 


= Pileus convex to subexpanded, gregarious or cespitose, 4—8 cm. broad; sur- 
la- face smooth, glabrous, the cuticle often cracking radially, castaneous at the 
ext 


center, then bay, fading out toward the striate, lobed and rimose margin; 
context very thin, dull-whitish, mild, withaslight odor of sour dough; lamellae 
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adnexed, rounded behind, very narrow, inserted, very crowded, entire, paliid; 
spores oblong-ellipsoid, smooth, hyaline, obliquely apiculate, granular, 7-8 
X3.5-4u; stipe tapering upward, smooth, glabrous, pruinose or tomentose 
at the apex, pallid, darker at the base, hollow, clavate, 4-6 X0.6-1 cm. 

Type collected by West and Murrill on a much-decayed hickory log in 
South Planera Hammock, eleven miles northwest of Gainesville, Fla., 
Oct. 26, 1938 (F 18312). Also collected frequently during the summer on 
hardwood logs about Gainesville (F 18300, F 18308, F 18313, F 17471, 
F 17891). Suggesting G. acervatus (Fries) Murrill but with longer spores 
and paler, much thicker stipe. Near G. subluxurians Murrill but growing 
on wood, darker in color, and having more slender spores. 


Gymnopus floridanus sp. nov. Pileo convexo, 5-10 mm. lato, striato, prui- 
noso, glauco-plumbeo; lamellis adnatis, caesiis; stipite hyalino, 1.5-2 0.2 cm. 

Pileus convex to slightly depressed with a fluffy, whitish, conic or irregular 
papilla, gregarious to cespitose, about 5—7 mm. broad, rarely reaching 1 cm.; 
surface moist, not viscid, finely striate, pruinose or finely fibrillose, glauco- 
plumbeous; margin entire, deflexed, pallid on the extreme edge; context mem- 
branous, tough, pallid, odorless, mild; lamellae squarely adnate, inserted, 
narrow, distant, entire, caesious with a caeruleous tint; cystidia none; spores 
not found; stipe smooth, pruinose, hyaline, enlarged and white-tomentose at 
the base, about 1.5—2X0.2 cm. 

Type collected by West and Murrill on a much-decayed sweet-gum log 
in Kelley’s Hammock, ten miles northwest of Gainesville, Fla., Aug. 3, 
1938 (F 18290). Very abundant on this one log but not seen elsewhere. 
Peculiar both in form and color. Tough enough for Marasmius but not 
reviving in proper fashion under treatment. 

Gymnopus mammillatus sp. nov. Pileo convexo-subexpanso, 2-3 cm. lato, 
albo, umbonato, sporis ellipsoideis, 8X3; stipite glabro, albo, 3-5 X0.3-0.5 
cm. 

Pileus convex to subexpanded, gregarious, about 2—3 cm. broad; surface 
smooth, glabrous, shining, white, pale-isabelline on the conspicuous umbo, 
margin even, entire to slightly striate; context thin, odorless, mild, white, 
unchanging; lamellae just touching the stipe, becoming remote, rounded be- 
hind, narrow, crowded, inserted, white, unchanging, the edges finely notched; 
spores oblong-ellipsoid, smooth, hyaline, granular, obliquely apiculate, 8 X 3y; 
cystidia none; stipe tapering upward from an ovoid bulb, smooth, glabrous, 
white, much twisted at times and light-reddish-brown when dried, 3-5 X0.3- 
0.5 cm., the bulb 1 cm. thick. 


Type collected by W. A. Murrill in wet soil under bamboos at Gaines- 
ville, Fla., Oct. 28, 1938 (F 18319). Also collected by W. A. Murrill on the 
ground in a high hammock at Gainesville, Fla., Oct. 17, 1938 (F 18306). 
Suggesting G. albistrictus Murrill, but gregarious and umbonate. 
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Hydrocybe nitida lutea var. nov. Pileo convexo, 1-2 cm. lato, viscido, 
luteo, sulcato. 

Pileus convex or slightly depressed, usually papillate, gregarious, 1-2 cm. 
broad; surface moderately viscid, uniformly luteous, glabrous, margin entire, 
sulcate; lamellae arcuate, broad behind, distant, decurrent, inserted, entire, 
yellow; spores ellipsoid or ovoid, smooth, hyaline, granular, 6-8 X4-5y; cystid- 
ia none; stipe usually slightly tapering downward, viscid, smooth, concolor- 
ous, glabrous, 3-6 X0.2-0.3 cm. 


Type collected by W. A. Murrill among moss in wet ground in I lanera 
Hammock, eleven miles northwest of Gainesville, Fla., Aug. 13, 1938 
(F 18291). Also collected by West and Murrill in Flanera Hammock, July 
20, 1938 (F 18046). Agreeing fairly well with H. nitida (Berk. & Curt.) 
Murrill, described from South Carolina, but egg-yellow instead of pale- 
yellow and hardly umbilicate. 


Hydrocybe subruber sp. nov. Pileo conico, 3—5 cm. lato, viscido, luteo ad 
flavo; lamellis citrinis; sporis 10-12 X 5u; stipite subluteo et albo, 6-8 X0.7 cm. 

Pileus conic with conic umbo, gregarious, 3-5 cm. broad; surface viscid, 
glabrous, uniformly luteous when young, becoming flavous except at the cen- 
ter, margin becoming striate, rimose and much upturned in age; context very 
thin, subluteous, odorless, mild; lamellae adnexed, ventricose, broad, inserted, 
citrinous, edges becoming very uneven, fragile and rimose; spores oblong-ellip- 
soid, smooth, hyaline, granular, 10-12 X 5u; cystidia none; stipe equal, smooth, 
glabrous, viscid, subluteous, white at the base, 6-8 0.7 cm. 


Type collected by West and Murrill on the ground under hardwood 
trees in South Planera Hammock, eleven miles northwest of Gainesville, 
Fla., Oct. 26, 1938 (F 18299). Fairly frequent in hammocks about Gaines- 
ville after warm rains. Very striking because of its shape and color. H. 
ruber Peck is red and has smaller spores. 


Hygrophorus subluridus sp. nov. Pileo convexo-expanso, umbonato, 3 
cm. lato, viscido, fusco; lamellis confertis, sporis globosis, 3-4u; stipite glabro, 
subfusco, 60.4 cm. 

Pileus convex to expanded, broadly umbonate, solitary, about 3 cm. broad; 
surface slimy-viscid, fuscous, glabrous, delicately reticulate in part, margin 
even, entire; context rather thin, white, unchanging, odorless; lamellae ad- 
nexed, rounded behind, ventricose, crowded, inserted, entire, pallid to fuscous; 
spores globose or subglobose, smooth, hyaline, 3—4u; cystidia none; stipe equal, 
smooth, glabrous, subconcolorous, about 60.4 cm. 


Type collected by Rhoads and Murrill on the ground under an oak at 
Hunter’s Station, near Gainesville, Fla., Sept.6, 1938 (F 18292). Suggesting 
H. subpratensis Murrill, a Cuban species, but the gills are not sinuate and 
the pileus does not fade. In H. floridanus Murrill the gills are distant. 
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Marasmius domesticus sp. nov. Pileo convexo-plano, 2—3 cm. lato, isabel- 
lino; lamellis adnatis, avellaneis; sporis ellipsoideis, 6X4 u; stipite avellaneo, 
3-4 X0.2-0.3 cm. 

Pileus convex to plane or slightly depressed, often with a small umbo, 
gregarious to subcespitose, 2—3 cm. broad; surface glabrous, more or less striate 
and uneven, dark-isabelline when fresh and moist, paler when dry; context 
thin, submembranous, discolored, odorless, mild; lamellae squarely adnate, 
rather broad, inserted, medium distant, entire, avellaneous; cystidia none; 
spores ellipsoid, smooth, hyaline, about 6X4 uw; stipe enlarged at the apex, 
smooth or striate, pruinose, avellaneous, 3-4X0.2—0.3 cm. 

Type collected by Erdman West on his lawn in Gainesville, Fla., June 
3, 1938 (F 18279). Also collected by W. A. Murrill on open grassy lawns 
or shaded soil in Gainesville from July to October, 1938 (F 18283, F 18288, 
F 18284). A typical member of this large and difficult genus, occurring at 
times in abundance. 

Marasmiellus oligocinsulae sp. nov. Pileo dimidiato, conchato, 1-2 cm. 
lato, glabro, isabellino; lamellis distantibus, adnatis, subconcoloribus; sporis 
ellipsoideis, 8-10X4-5 u. 

Pileus membranous, short-stipitate or vertically attached, subcircular or 
dimidiate, conchate, gregarious, 1-2 cm. broad; surface glabrous, rugulose, 
striate at times, uniformly isabelline or rosy-isabelline to fulvous, margin en- 
tire; context thin, tough, reviving, concolorous, slightly astringent; lamellae 
few, adnate, broad, distant, inserted, some forked at the base, entire, pale 
rosy-isabelline; spores ellipsoid, smooth, hyaline, granular, 8-10X4-5 u; 
cystidia none; stipe short, curved, eccentric, smooth, glabrous, concolorous 
to dark-brown or blackish. 


Type collected by West and Murrill on a dead grapevine in Planera 
Hammock, eleven miles northwest of Gainesville, Fla., July 20, 1938 
(F 17944). Also collected on the same host by W. A. Murrill in woods at 
Gainesville, Sept. 1, 1938 (F 18296). Suggesting Scytinotus concolor (Berk. 
& Curt.) Murrill, but not resupinate when young, usually provided with 
a stipe, and not coriaceous. 


NEW COMBINATIONS 
For those using Saccardo’s nomenclature the following new combina- 
tions are made. 


Gymnopus aurantiacus = Collybia aurantiaca 
Gymnopus castaneidiscus = Collybia castaneidisca 
Gymnopus floridanus = Collybia floridana 

Gymnopus mammillatus = Collybia mammillata 
Hydrocybe subruber = Hygrophorus subruber 
Marasmiellus oligocinsulae=Marasmius oligoinsulae 


HERB. FLA. Ac. Exp. STATION 
GAINESVILLE, FLA. 
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A Definition of the Genus Brodiaea 


Rosert F. HOOVER 


The genus Brodiaea is a group of widely varying content as treated 
by various authors. When first published in 1811, two species were indi- 
cated, B. grandiflora and B. congesta, both of which had been published 
previously, as Hookera coronaria and Hookera pulchella respectively. 
Numerous species of quite diverse nature were added at intervals until 
J. G. Baker, in an article published in 1896, included forty-five species 
native to both North and South America. It is to be noted, however, that 
Baker’s classification of 1896 was not the result of original research in the 
group at that time, but according to the author’s statement was an enu- 
meration of the species which would be included in Brodiaea as that genus 
was defined in Bentham and Hooker’s “Genera Plantarum.” In contrast 
to this treatment is that of Abrams, who in his “Illustrated Flora of the 
Pacific States’ recognizes six genera in these three states alone for the 
plants included in Brodiaea by Baker, and leaves only eight species in 
Hookera (which includes the type species of Brodiaea). Such wide diver- 
gence of opinion indicates clearly to the writer that a final solution of the 
problem can not come from discussion of the characters by means of which 
early authors distinguished their genera, but only from a study of the 
plants themselves with the purpose of evaluating all their differences, 
whether previously mentioned in the literature or not. 

The first question to be answered in arriving at a satisfactory classifi- 
cation of this group is whether species from North and South America 
can be referred to the same genus. The jointed pedicels of the North 
American as contrasted with the unjointed pedicels of the South American 
species constitute a difference which is readily observed. Evidently the 
first author to emphasize this difference was Watson. Greene also men- 
tioned this character, but most other writers have not considered it of 
value in distinguishing genera in this group, and some have neglected even 
to mention it. To one who is influenced by considerations of plant geog- 
raphy, such a well-defined and constant difference is of great importance. 
However, the two groups of species need not be distinguished by that 
character alone. 

Without exception, all of the North American species which have been 
customarily referred to Brodiaea have solid somewhat globose fibrous- 
coated corms. In contrast, every South American species which the writer 
has examined has elongated tunicated membranous-coated bulbs, although 
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specimens of many were not available,’ and the leaves, unlike those of 
any North American species, have broad membranous sheathing bases 
continuous with the coats of the bulbs. The South American species also 
have an involucre which is termed “‘spathaceous’’; that is, it consists of 
one or two ascending bracts, as in many species of Allium. In the North 
American plants the bracts are spreading and their number is always more 
than two, appearing to be correlated to some extent with the number of 
flowers in the umbel. Since no exceptions to these fundamental contrasts 
have been noted, the writer believes that the generic distinctness of the 
South American plants from the North American Brodiaea can be no 
longer in doubt. None of the distinguishing features if taken alone is 
necessarily decisive, but their constant association is too impressive to be 
ignored. 

Although it is here necessary, because of lack of fresh material, to 
restrict the differentiation between North American and South American 
plants to the characters stated above, there are doubtless other differ- 
ences. The writer has been able to study fresh plants of one South Ameri- 
can species, the so-called ‘‘Brodiaea uniflora.” In addition to the features 
noted as distinctive of all South American species, it has broad flat leaves 
of a sort never seen in a North American Brodiaea. The peculiar succulence 
of the herbage is also unknown in the North American forms. Most 
notable of all, ““Brodiaea uniflora” has a strong alliaceous odor. The im- 
portance of such a character has been discussed in an article by Greene 
(Pittonia 2: 51-57). If such plants are merged with Brodiaea, there can 
hardly be any logical reason for excluding Allium or Agapanthus, or indeed 
for not regarding the Allioideae as a single genus. 

Although the above evidence indicates that the South American species 
under consideration should not be included in Brodiaea, their true generic 
status remains in doubt. Most of them were referred by early authors to 
Milla, a genus which Baker in 1896 restricted to the original Mexican 
species. Watson (Proc. Am. Acad. 14: 285) and also Greene suggested that 
the South American plants are properly referred to Leucocoryne, although 
they have six stamens as contrasted with the three stamens alternating 
with staminodia of typical members of Leucocoryne. Perhaps Milla and 
Leucocoryne should not be distinguished from each other as genera. Engler 
recognized both genera but also mentioned South American species under 
Brodiaea. However, the one species listed by him, B. uniflora, does not 
answer to his key character “Blh. trichterférmig oder glockig’”’ but is 

' The following South American species, named under Brodiaea, were examined: 
B. Felipponei, B. porrifolia, B. Speggazinii, B. Tweediana, B. uniflora. 
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rather “‘priasentiertellerférmig,’’ hence referable to Milla in Engler’s clas- 
sification. This problem of generic identity is one which should be under- 
taken by field students in the countries where the plants are native. It 
can never be accurately solved by study of herbarium specimens alone. 

J. F. Macbride, in an article published in 1918, in addition to retaining 
in Brodiaea, at least by implication, all plants previously referred there, 
included also Androstephium, a procedure which evidently has not met 
with acceptance by subsequent authors. Macbride’s discussion was 
limited to remarks indicating that the flower characters on which earlier 
botanists had based genera were of no importance. No mention was made 
of the nature of the corms or bulbs, or of possession or lack of alliaceous 
properties. It is true that the flowers of all Allioideae are similar in gen- 
eral structure, but most botanists have admitted the importance of dif- 
ferences in other parts of the plant and in the individual parts of the flower. 

As accepted by most modern botanists, the name Brodiaea has come 
to be applied to a large group of species native to western North America, 
characterized as a whole by a tubular perianth with one-nerved segments, 
jointed pedicels, distinct filaments, and lack of alliaceous properties, as 
distinguished from the genera of the subfamily Allioideae to which it 
seems most nearly related. This concept of the genus appears to have 
been first approached by Sereno Watson, but Stropholirion and Brevoortia, 
which Watson recognized as genera, are now usually included in Brodiaea. 
Popular usage generally has adopted this definition of Brodiaea. 

Irom an early date various genera were segregated from this group 
under such names as Dichelostemma, Triteleia, Hesperoscordum, Calliprora, 
and Seubertia, but it remained for E. L. Greene, in an article published in 
1886, to arrange these various segregates into a natural classification. It 
was evident to Greene, as a field student in western North America, that 
Brodiaea in the generally accepted sense consisted of three distinguishable 
groups of species. To these he applied the generic names Triteleia, Hookera, 
and Brodiaea. In Triteleia, typified by T. grandiflora Lindl., were included 
the segregate genera Seubertia, Calliprora, and Hesperoscordum. Brodiaea 
congesta Smith was regarded as the type species of Brodiaea, and in that 
genus were included Dichelostemma and Macroscapa, the latter being 
known also as Stropholirion and Rupalleya. The remaining species, those 
related to Hookera coronaria, were left under the name Hookera. In his 
“Flora of California,’ W. L. Jepson distinguished these same three groups 
but regarded them as subgenera under Brodiaea rather than as genera. 


In addition, the segregate genus Brevoortia was included in the subgenus 
Dichelostemma. 
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From field studies it was early evident to the writer that all three 
groups recognized by Greene and by Jepson were fundamentally natural, 
and that an attempt to divide any of them further resulted in separation 
of clearly related entities. It was also seen, even though the plants of each 
group had undefined features of aspect which rendered these groups read- 
ily distinguishable in the field, that the differences mentioned by Greene 
and other botanists could hardly be regarded as of generic value. Accord- 
ingly, a search was made for characters which might satisfactorily deter- 
mine whether Brodiaea of common usage is actually one genus or three. 
Several such characters were immediately found, of which there appeared 
to be no published record. 

Without exception, the species of Triteleia, as that genus was defined 
by Greene, have corms with pale fibrous coats, while the corm-coats of 
the other species are dark brown. This constant and easily observed dif- 
ference in color probably indicates some difference in chemical composi- 
tion, one of the most reliable indications of true relationship. The leaves 
of the Hookera group are always rounded on the back and show no exter- 
nal trace of a midrib, while both Triteleta and Dichelostemma have leaves 
which are keeled on the back and with two parallel longitudinal impres- 
sions on the upper surface. This leaf difference is quite obvious in living 
plants and probably has been neglected because the leaves often wither 
before the flowering season. Compound umbels occasionally found on 
teratological plants suggest that the inflorescences of these groups of 
species are perhaps not exactly homologous. In every species of Triteleia, 
in contrast with Hookera and Dichelostemma, the anthers are versatile 
and never appressed to the style. The position of the stamens with respect 
to the style is obscured in pressing but in fresh flowers is obvious. A no- 
table difference between the three groups was found in the structure of the 
stigma. Finally, in 1937, the seeds of several species were collected. A 
study of these confirmed Greene’s conclusions of 1886 in a truly surprising 
manner and, in combination with other features, fully convinced the 
writer of the validity of the three genera recognized by Greene. 

As Brodiaea is now a conserved name under the International Rules, 
with B. grandiflora Smith (Hookera coronaria) as its type species, the 
name Brodiaea must now be applied to the genus called by Greene 
Hookera. Accordingly, Brodiaea as understood by Greene becomes Dichelo- 
stemma, while Triteleia is accepted exactly as defined by Greene in 1886. 
The distinctive characters of the three genera are summarized as follows: 


Corm-coats straw-color; leaves flattened, carinate; inflorescence when 
compound with pedicels arising from a structure which in position and 
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appearance simulates the perianth of one of the flowers of the primary 
umbel; anthers versatile, not sagittate, not appressed to style; stigma not 
evidently lobed; seeds as thick as long or nearly so, rounded, coarsely 
pitted and minutely granulate, with prominent longitudinal ridge on one 
GD. 0s nse cndike ci ahn soe enon seen kei eetee eee Triteleia. 


Corm-coats dark brown; leaves flattened, carinate; compound inflores- 
cences essentially as in Triteleia;? anthers basifixed, slightly notched at 
base, erect and closely appressed to style; stigma slightly three-lobed, 
the lobes not spreading, continued downward as wings on upper portion 
of style; seeds much longer than thick, longitudinally striate, sharply 
three-angled, with ridges of equal prominence on all the angles........ 
Ee ee ee ee wR Ee Dichelostemma, 


Corm-coats dark brown; leaves rounded, not carinate; inflorescence when 
compound with scape branching and bearing two normal umbels and often 
additional solitary flowers, never with a peduncle arising from a perianth- 
like structure; filaments attached on back of anthers immediately above 
the distinctly sagittate base; anthers erect and closely appressed to style; 
stigma three-lobed, the lobes spreading and recurving; seeds slightly longer 
than thick, obtusely angled, longitudinally striate, with ridge on one side 
eee ee Brodiaea. 


Since specimens of every known species of these three genera have 
been examined by the writer, it may be stated confidently that, except 
possibly in seed characters, there are no exceptions, in the species so far 
discovered, to the generic characters listed above. The seeds of all species 
of Brodiaea and Dichelostemma are as here described, but the seeds of a 
few species of Triteleia were not available. In addition may be noted the 
well-known facts that Triteleia has six stamens alike except sometimes in 
size, Dichelostemma has the alternate stamens either greatly modified or 
transformed into staminodia, and Brodiaea has always three stamens alter- 
nating with staminodia. It is of interest that on the basis of all the above 
characters, including seed characters, Calliprora and Hesperoscordum are 
both quite typical of Triteleia, while Stropholirion and Brevoortia are 
typical members of Dichelostemma,. When various distinctive features are 
correlated in this manner without any known exceptions, the evidence in 
regard to generic limits seems conclusive. Accordingly, it is suggested that 
in scientific usage the name Brodiaea be limited to the group of species 
here characterized as that genus, although the well-established use of 
‘“Brodiaea”” as a common name for other species, if not misunderstood, 
can conveniently be continued. 

Cytologic studies possibly would indicate some correlation between 
the chromosomes of the three genera and their morphologic characters, 


* The writer has observed no compound umbels in Dichelostemma, but their occur- 
rence in D. capitatum has been described by Greene (Bull. Cal. Acad. 2: 135). 
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but the available results are not conclusive. Four species of Dichelostemma 
and four of Brodiaea were investigated by D. A. Johansen. The results, 
published in 1932, show the diploid chromosome number in the various 
species of Dichelostemma to be 30, 35, 36, and 72, as compared with 10, 12, 
14, and 42 in Brodiaea. Brodiaea thus has generally fewer chromosomes, 
but that difference is not consistent. No statements have been published 
regarding the comparative morphology of the chromosomes. 

Finally, something should be said regarding the general principle in- 
volved in distinguishing Dichelostemma and Triteleta from Brodiaea. There 
is always a tendency to disregard genera which are thought to depend on 
intangible features rather than on formal ‘‘characters.’’ The results here 
outlined, the writer believes, indicate that if a search is made some con- 
stant and readily observable character can often be found. Similar studies 
probably would produce comparable results in many groups of plants 
where readily recognizable genera seem deficient in morphological char- 
acters. 


1730 Spruce St. 
BERKELEY, CALIFORNIA 
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A Note on the Morphology of the Deciduous Shoot of 
Taxodium distichum 
G. L. Cross 
(WITH 6 FIGURES) 

With the exception of the papers of Coulter (1889) detailed morpho- 
logical studies of the shoot of Taxodium Rich. apparently are lacking. An 
early treatment of the gross structure of the twigs was published by Henry 
(1837), who described the varying phyllotaxy (2/5 to 5/13) and noted 
the occurrence of axillary and adventitious buds. Henry was especially 
interested in the foliar organs of the adventitious shoots, and mentioned 
the important fact that certain shoots are deciduous at the end of the 
growing season while others are permanent. His observations were con- 
fined to a single tree which grew in the botanical garden at Bonn. 

A somewhat more recent treatment of Taxodium is that of Velenovsky 
(1905), who described the sympodial nature of the shoots, and pointed 
out the resemblance of the deciduous shoot to the compound leaf of a 
fern. Velenovsky stressed the fact that in these respects Taxodium re- 
sembles Glyptostrobus and certain fossil species of Sequoia. 

The deciduous shoots are a noteworthy feature of Taxodium. They are 
commonly three or four inches long, but under certain conditions may 
elongate to seven or eight inches. There are differences of opinion concern- 
ing their interpretation. Prominent among these are the contrasting opin- 
ions of Bernard (1926) and Doak (1935). Bernard regards the deciduous 
shoots as homologous with the dwarf shoots of Pinus. However, Doak 
reports: “The situation in Taxodium ... is more complex. Here the por- 
tion of the dwarf shoot which is homologous to the dwarf shoot of pines is 
partly imbedded and may be exposed by stripping away the bark. These 
dwarf shoots branch repeatedly from lateral buds which occur at the base 
of the current growth. The resulting deciduous shoots are homologous to 
a proliferated dwarf shoot of pine and not to the ordinary dwarf shoots as 
interpreted by Bernard.” 

A recent study of an abundance of preserved and living material’ has 
convinced this writer that the interpretation of Bernard is somewhat more 
satisfactory than that of Doak. 


‘ Materials were collected principally from trees growing on the campus of the 
University of Oklahoma, but several collecting trips, financed by a University Research 
Grant, were made into southeastern Oklahoma (McCurtain County) where T. dis- 
tichum Rich. occurs extensively. A form with acicular leaves, probably T. ascendens 
Brong., also was collected in southeastern Oklahoma. It is hoped that comparative 
studies of the two species may be made. 
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The Permanent Shoots—-The permanent shoots originate as lateral 
(rarely terminal) globose buds in the axils of the uppermost scale-leaves 
of the current year’s growth. Two to several buds are produced near the 
tip of each twig, one of which will ultimately develop while the rest usu- 
ually die back. Terminal buds are infrequently formed on the permanent 
shoots, but these either abort or develop into shoots which die and dry 
back to their juncture with the first axillary branch. The resulting sym- 
podial type of branching is unique among conifers (Velenovsky, 1905). 

In winter the bud of each permanent shoot consists of a short axis 
upon which are numerous imbricate, ovate, acute, carinate scales. En- 
closed within the scales is a series of scale-leaves. In the axils of some of the 
younger scale-leaves are often found primordia of deciduous shoots which 
will develop and expand with the parent bud. 

When the winter buds of the permanent twigs expand, the internodes 
elongate rapidly and the scale-leaves increase in size. The primordia of 
the axillary deciduous shoots likewise begin growth, and buds of the 
permanent shoots for the succeeding year are initiated in the axils of the 
uppermost scale-leaves. The scales and scale-leaves of the permanent twig 
are persistent during the summer. In the autumn the scale-leaves and 
most of the scales usually fall, but at the base of the twig a few of the 
scales persist during the winter and may be retained during a portion of 
the second growing season. In the axils of those upper scale-leaves which 
lack currently expanding deciduous shoots, or secondary permanent 
shoots, resting buds of deciduous shoots are formed pseudo-endoge- 
nously.? These grow and soon rupture the cortex and epidermis just above 
the juncture of the scale-leaf and the stem. Endogenous adventitious 
winter buds of deciduous shoots, apparently arising in cortical tissues, are 
formed near the bases of many of the scale-leaves. 

The Deciduous Shoots-—The deciduous shoots may be divided, on a 
basis of time and place of origin, into several groups, viz., (1) those which 
arise exogenously in the axils of the upper scale-leaves of the expanding 
permanent twig, and expand with the parent twig; (2) those which are 
formed pseudo-endogenously in the lower scale-leaves of the permanent 
twig; (3) those which arise endogenously near the bases of the lower scale- 
leaves and scales of the permanent twig; and (4) those which arise endog- 


2 These buds appear to arise endogenously, but investigation has revealed that 
their primordia are formed from surface tissue which is left at the bottom of depressions 
or crevices formed by the upgrowth of the surrounding tissues in the axils of the 
scale-leaves. The primordia are formed in the summer. The mechanics and time of 
their formation is now being investigated by the writer. 
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enously?) in the axils of the lower scales of pre-existing deciduous shoots. 
For convenience in discussion, these four categories may be consolidated 
into two main groups, i.e., exogenous types and “endogenous” (including 
pseudoendogenous) types. 

The exogenous and “endogenous” buds of deciduous shoots differ 
markedly in structure. In the winter condition the ‘‘endogenous’”’ buds 
occur as small globose structures consisting of an axis upon which are 
numerous, linear-lanceolate, apiculate, foliage leaves enclosed by two or 





/ 2 35 4. See 


Figs. 1 and 2. Deciduous shoots. x 3. Fig. 3. Probably a deciduous shoot. x 3. 
Figs. 4-6. Permanent shoots. 3. 


more opposite or nearly opposite, broadly-ovate bud scales. The leaves 
immediately above the two bud scales are reduced in size and apparently 
transitional between the bud scales and foliage leaves. The exogenous 
buds, occurring as components of larger compound buds, do not have the 
two basal scales. 

At the time of bud expansion the internodes of the deciduous shoots 
elongate and the leaves enlarge until a twig several centimeters long is 
produced. Usually no branches or buds are formed in the axils of the 
leaves of the deciduous shoots (except in the axils of the basal scales), but 
occasionally the deciduous shoots proliferate exogenously from the axils 
of their median or upper leaves (fig. 2). Such proliferation occurs most 
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frequently from deciduous shoots that are distally located near expanding 
permanent twigs. The proliferating deciduous shoots are quite variable in 
form and structure. Some resemble permanent shoots and a transitional 
series can be found readily on any tree (fig. 1-6). Figure 1 is a photograph 
of an axillary deciduous shoot which had formed near the base of a one- 
year-old permanent twig. It shows no indication of proliferation. Figure 2 
is an axillary deciduous shoot which was more distally located on a per- 
manent twig. It shows extensive proliferation from its terminal portions. 
Figure 3 is an axillary shoot, (probably deciduous) of a type frequently 
found expanding near the tip of one year old twigs. It has proliferated ex- 
tensively, and three buds have formed at its tip. Twigs of this type when 
observed throughout a growing season were some times found to be decid- 
uous and some times permanent. Figures 4-6 are photographs of various 
types of permanent shoots. Figures 4+ and 5 show twigs with well formed 
leaves. Figure 6 illustrates a twig with scale-leaves of the type commonly 
described for Taxodium. This series of figures indicates that the deciduous 
and permanent shoots of Taxodium are equivalent. Physiological varia- 
tions which probably may be correlated with varying positions on the 
branch apparently cause some twigs to absciss and others to become 
permanent. 

All deciduous shoots fall from the tree annually. This is accomplished 
by the formation of abscission layers comparable in origin and structure 
to the abscission layers developed by the deciduous leaves of angiosperms 
(Bernard, 1926). In the case of the deciduous shoots of exogenous origin 
the abscission layer forms below the lowest foliar appendage, and the en- 
tire shoot falls cleanly, leaving no basal portion. However, the deciduous 


‘ 


shoots of ‘‘endogenous”’ origin develop their abscission layers above the 
lowest scales, and the latter with a portion of the axis, is left as an integral 
part of the main branching system. In the axil of one of the basal scales 
is formed an “‘endogenous’”’ bud of a deciduous secondary shoot which will 
expand the next season. 

The difficulty of interpreting deciduous shoots of such diverse origin, 
structure, and developmental behavior, in terms of the dwarf shoots of 
Pinus, is apparent. 

The dwarf shoots of Pinus are of exogenous origin. They arise as parts 
of a compound bud in the axils of scale-leaves which are born on the axis 
of a permanent twig. Their growth in length is ordinarily determinate, but 
occasionally they may proliferate. Proliferation is achieved as a result of 
renewed meristematic activity in the apex of the dwarf shoot. The pro- 


ke © © er a S= wm wR 


9 


VOL. 66 


nding 
ble in 
tional 
graph 
| one- 
rure 2 
L per- 
tions. 
ently 
od ex- 
when 
lecid- 
irious 
yrmed 
nonly 
jJuous 
Varia- 
n the 
‘come 


lished 
icture 
yerms 
origin 
1e en- 
duous 
re the 
tegral 
scales 
‘h will 


yrigin, 


ots of 


parts 
e axis 
e, but 
sult of 
e pro- 


1939] CROSS: TAXODIUM DISTICHUM 171 


liferated axis is, therefore, a continuation of the axis of the dwarf shoot. 

Homology implies a likeness in origin, position, structure, and value. 
When we examine Taxodium for structures which are alike in origin, 
position, etc., to the dwarf shoots of Pinus, it becomes apparent that the 
exogenous deciduous shoots which are formed as components of the ex- 
panding bud of Taxodium are structures which show this correspondence. 
The only significant differences between these two types of shoots are 
that the deciduous shoots of Taxodium are annual while those of Pinus 
are perennial, and the dwarf shoots of Taxodium proliferate laterally while 
those of Pinus proliferate apically. Thus the exogenous deciduous shoots 
of Taxodium might be regarded logically as homologous to the dwarf 
shoots of Pinus. Since the other deciduous shoots of Taxodium differ from 
the exogenous ones mainly with respect to time of formation, being similar 
in other respects, the writer can see little objection to regarding all decid- 
uous shoots of Taxodium as equivalent or homologous to the dwarf shoots 
of Pinus. 

Doak’s (1935) statement that the dwarf shoot of Pinus is homologous 
to a dwarf shoot of Taxodium which is imbedded in the bark of the parent 
twig, seems untenable. The imbedded shoot of Taxodium arises somewhat 
as follows: An axillary or an adventitious deciduous shoot is formed which 
has a pair (or more) of fleshy scales at its base. During the expansion of 
this first deciduous shoot, a bud of a secondary deciduous shoot is formed 
in the axil of one of the scales of the first shoot. At the end of the growing 
season the first deciduous shoot abscisses in a plane above the fleshy scale 
with its axillary bud. The next spring the second deciduous shoot expands 
and in the axil of one of its scales the bud of a third deciduous shoot is 
formed, and so on for a variable number of years. It will be seen that each 
successive deciduous shoot leaves its basal portion as an integral part of a 
sympodially branched dwarf shoot system. This dwarf shoot system does 
not form a terminal bud, for the terminal portion abscisses each year. 
The behavior in this respect closely parallels that exhibited by the long 
branches, where the terminal shoots, when formed, die back. Clearly a 
dwarf branch system consisting of the basal portions of several, successive, 
axillary deciduous shoots and devoid of an apical meristem, cannot be 
considered homologous with the simple unproliferated dwarf shoot of 
Pinus. 

The factors responsible for the interesting variations in the time, place 
and method of formation of the deciduous shoots of Taxodium present a 
puzzling problem. It is hoped that detailed histogenetic studies, together 
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with experimcntal work now in progress at the University of Oklahoma, 
will provide information which may contribute to a clarification of the 
problem. 


DEPARTMENT OF BOTANY 
UNIVERSITY OF OKLAHOMA 
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Studies in the Uredinales, the Genus Maravalia' 
E. B. MaIns 


The genus Maravalia was proposed by Arthur (1922) based on Mara- 
valia pallida Arth. & Thaxter. This species was described from a collec- 
tion made by R. Thaxter on Pithecolobium latifolium in Trinidad. The telia 
are subepidermal and the teliospores are one-celled, with very thin, hya- 
line, smooth walls, pedicellate, arising from a compact hymenium. Arthur 
(1922) pointed out that Chaconia, which was described by Juel from Pithe- 
colobium, differed in that the latter has sessile teliospores clustered on basal 
cells. He concluded that Maravalia was apparently a short-cycled Spire- 
china. 

Jackson (1931) has shown that Spirechina Loesneriana (P. Henn.) 
Arth., the type species of Spirechina, has teliospores in chains and is a 
species of Kuehneola. For the other species on Rubus which have one- 
celled, colorless, pedicellate teliospores and which had been included in 
Spirechina he proposed the name Mainsia. Jackson also has pointed out 
that in species of Mainsia the pycnia, uredinia, and telia are intraepider- 
mal. Mainsia apparently includes a group of closely related species limited 
to Rubus. Maravalia is, therefore, apparently not a short-cycled Mainsia. 

Since the establishment of the genus Maravalia, 7 species have been 
added, namely: M. hyalospora (Sawada) Dietel, M. albescens Syd., M. 
utriculata Syd., M. achroa (Syd.) Arth. & Cummins, M. Crotolariae Syd., 
M. Hygrophilae (Syd. & Butler) Mains, and M. ascotela (Syd.) Mains. It 
has been shown elsewhere (Mains, 1939) that M. utriculata has sessile 
teliospores and is Bitzea Ingae (Syd.) Mains. 

In Maravalia pallida the walls of the teliospores are very thin. There 
is no definite germpore. When germination starts there is an apical pro- 
longation. The basidium appears to be a prolongation of the teliospore. As 
Arthur has pointed out, the teliospores arise from a compact hymenium 
and are not grouped on laterally free basal cells. A similar condition occurs 
in M. achroa, M. Hygrophilae, and M. ascotela. In M. hyalospora and 
M. Crotolariae, although a germpore is not apparent in the teliospore pre- 
vious to germination, when germination takes place a pore can be dis- 


1 Paper from the Department of Botany and the Herbarium of the University of 
Michigan. This study is part of an investigation of Tropical American rusts which has 
been supported by funds from the Horace H. Rackham School of Graduate Studies of 
the University of Michigan. The writer is greatly indebted to H. Sydow, G. B. Cum- 
mins, and G. Samuelsson for the Joan of types and other collections for use in this 
study. 
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tinguished and there is a definite differentiation between the wall of the 
basidium and the wall of the teliospore. 

Maravalia has been placed in the tribe Ravenelieae by Dietel (1928). 
Apparently this disposition was based on his interpretation (1924) of the 
teliospores of M. albescens. In this species he considered that often two 
teliospores developed from a pedicel. As has been shown elsewhere (Mains 
1938 b) the one-celled teliospores of the type of this species develop in 
groups from laterally free basal cells. The teliospores develop in succes- 
sion from these cells. The basal cells are not pedicels but sporogenous cells 
and M. albescens is Chaconia alutacea. The teliospores of Maravalia arise 
singly from a compact hymenium and Maravalia therefore does not belong 
in the Ravenelieae. 

Dietel (1928) has recognized a tribe, Eriosporangieae, in which he 
includes genera which have one- or two-celled pedicellate teliospores which 
arise singly, germinate immediately and have colorless or pale brown walls. 
In this he places the genus Argomycetella Syd. in which he includes species 
having one-celled teliospores with very thin colorless smooth walls, germi- 
nating immediately. Poliotelium Syd. is considered synonymous. 

Sydow (1922) proposed Argomycetella for species having uredinia and 
telia and Poliotelium for species having aecia and telia. Argomycetella 
pressa (Arth. & Holw.) Syd. was selected as the type species and A. 
dolichos pora (Diet. & Holw.) Syd. was included. Argomycetella pura Syd. 
has been described since. Apparently only one species has been placed in 
Poliotelium, P. Iresines (Lagerh.) Syd. Argomycetella pressa and A. pura 
have very thin-walled teliospores without evident germpores, apparently 
germinating by a prolongation of the apex of the spore. In A. dolichospora 
and Poliotelium Iresines, a definite pore is evident when the teliospores 
germinate. 

There seems to be no generic distinction between Maravalia and 
Argomycetella. Maravalia was published by Arthur (1922) in the Botanical 
Gazette in January 1922 and Argomycetella by Sydow (1922) in Septem- 
ber 1922, the latter therefore, becomes a synonym. From Poliotelium on 
the other hand, Maravalia can be separated by the manner of the germi- 
nation of the teliospores, Maravalia including those species in which the 
teliospores germinate without an evident pore by the prolongation of the 
apex, and Poliotelium, those species in which germination takes place 
through a pore. This distinction necessitates a realignment of the species 
which have been assigned to Maravalia and Argomycetella. 

In this interpretation Poliotelium is not based on life-cycle. It parallels 
Eriosporangium, having one-celled instead of two-celled teliospores. There 
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has been considerable difference of opinion whether Eriosporangium 
should be separated from Puccinia and the same question arises concerning 
Poliotelium in relation to Uromyces. Dietel (1928) recognizes Erios porang- 
ium for species having aecia without or with poorly developed peridia and 
teliospores with pale or colorless walls, germinating at once. As has been 
pointed out by Jackson (1932) there are species which are intermediate 
between Eriosporangium and Puccinia. This, however, is to be expected 
for two closely related genera having many species. It is believed that 
they should receive generic status. Consequently the following species 
should be included in the genus Poliotelium: Poliotelium Iresines (Lagerh.) 
Syd. (type), Poliotelium hyalospora (Sawada) comb. nov., Poliotelium 
dolichosporum (Dietel & Holw.) comb. nov. The type of germination of 
the teliospore would also place Maravalia Crotolariae here. However, in 
this species the teliospores develop in groups from laterally free basal 
cells. It does not fit well into any of these generic groups. 

In the course of these studies, another species, Uromyces elatus Syd. 
has been found to have teliospores which evidently place it in Maravalia. 
This species is of special interest since it possesses aecia. Of the species 
proposed for the genus Maravalia, M. pallida and M. Hygrophilae have 
had only telia described; M. achroa uredinia and telia; Argomycetella 
pressa and A. pura, pycnia, uredinia and telia; M. ascotela pycnia and 
telia. Uromyces elatus has pycnia, aecia, and telia. The aecia have well 
developed peridia. This is not in agreement with the majority of the rusts 
having colorless teliospores. Whether this will hold for all future species 
remains to be seen. The following revision of the genus Maravalia is pro- 
posed. 

MARAVALIA, Arth. Bot. Gaz. 73: 60. 1922. 
Argomycetella Syd. Ann. Mycol. 20: 124. 1922. 

Pycnia subepidermal. Aecia subepidermal, flat, with peridia; aeciospores 
verrucose, catenulate. Uredinia subepidermal; urediniospores echinulate, 
pedicellate. Telia subepidermal teliospores one-celled, pedicellate, germinat- 
ing immediately, the wall hyaline, very thin, germinating by apical pro- 
longation of the wall without evident pore, laterally free, arising singly from 
a compact hymenium. 

Types species: Maravalia pallida Arth. & Thaxter. 


MARAVALIA PALLIDA Arth. & Thaxter, Bot. Gaz. 73: 60. 1922. 


Telia hypophyllous, crowded in large groups, subepidermal, ruptured 
epidermis evident, soon white from germination; teliospores clavate or clavate- 
oblong, 16-22 X52-70y, the walls hyaline, very thin, 0.5 or less, the pedicels 
8-10 X 20-35. 
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Specimen examined: Pithecolobium latifolium (L.) Benth. Maraval 
Valley, Trinidad, April 1913, R. Thaxter (type). Reliq. Farl. 676. 

This species is known only from the type collection. 
MARAVALIA ACHROA (Syd.) Arth. & Cummins, Phil. Journ. Sci. 61: 468. 1936. 
Uromyces achrous Syd. Ann. Mycol. 5: 491. 1907. 


Uredinia mostly hypophyllous, scattered, yellowish, pulverulent; uredinio- 
spores obovoid or ellipsoid, 14-16 X 16-20y, the walls colorless, 1u, moderately 
echinulate, the pores obscure. 

Telia mostly hypophyllous or caulicolous, scattered, pulvinate, waxy; telio- 
spores oblong or obovoid, 9-13 X 22—32y, the walls hyaline, thin 0.5, the pedi- 
cels colorless, 3X 18—28y. 


Specimens examined: Dalbergia Sissoo, Pusa, Dec. 19, 1906, E. J. 
Butler (877, type); Dalbergia sp. Bosoboso, Rizal, Luzon, P. I. Feb. 11, 
1924, Clemens (1701). 

This species is apparently known only from India and the Philippines. 


Maravalia elata (Syd.) comb. nov. 


Uromyces elatus Syd. Ann. Mycol. 6: 482. 1908. 

Pycnia mostly epiphyllous, in small groups deeply seated in the host tissue, 
globoid, 160-200 in diameter, ostiolar filaments projecting. 

Aecia mostly hypophyllous, in groups associated with the pycnia or 
scattered singly or in small groups without pycnia, the hymenium fiat, 
circular in outline, large, 0.8-1.0 mm. across, bordered by well developed 
peridia; peridial cells thin, difficult to study, in face view 22-43 X 26-56u, 
somewhat loosely attached; aeciospores subgloboid, 19-26 X 26-35y, the wall 
colorless, 2—2.5u, closely and finely verrucose. 

Telia hypophyllous, small, 0.2 mm. across, crowded in groups up to 5 mm. 
across, white; teliospores cylindric or cylindric-ovoid, 13-20 X 40—68y, the wall 
hyaline, very thin, 0.5u, the pedicel hyaline, up to 50y long. 


Specimens examined: 

Lupinus paniculatus Desv. Cuzco, Peru, June 29, 1920, E. W. D. and 
Mary M. Holway (738); La Paz, Bolivia, March 18, 1920 and May 14, 
1920, E.W.D. and Mary M. Holway (417, Rel. Holw. 247; 603, Rel. 
Holw. 259). 

Lupinus saxatilis Ulbrich, La Paz, Bolivia, Aug. 12, 1914, Mr. and 
Mrs. J. N. Rose (18863). 

Lupinus soratensis Rusby, Sorata, Bolivia, April 22, 1920, E.D.W. 
and Mary M. Holway (561, Rel. Holw. 255). 

Lupinus tomentosus D.C. Pampa de Arrieras, Peru, Aug. 23, 1914, 
Mr. and Mrs. J. N. Rose (18962). 
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Lupinus sp. La Paz, Bolivia, March 24, March 25 and May 12, 1920, 
E.W.D. and Mary M. Holway (454, Rel. Holw. 248; 459, Rel. Holw. 249; 
595, Rel. Holw. 257). 

The species was originally described from a specimen collected 
by O. Buchtien on Lupinus ramossimus at La Paz, Bolivia on Aug. 19, 
1906. It is apparently known only from Bolivia and Peru. Although the 
aecia have peridia they are very large and have a flat hymenium, in these 
respects resembling aecia of the rusts with colorless teliospores. Appar- 
ently both primary and secondary aecia are produced. 


MARAVALIA HyGROPHILAE (Syd. & Butler) Mains, Am. 
Journ. Bot. 25: 678. 1938. 
Blastospora Hygrophilae Syd. & Butler, Ann. Mycol. 10: 265. 1912. 

Telia amphigenous, mostly hypophyllous, crowded in small groups 2-4 
mm. across, pulvinate, cinereous from germination; teliospores broadly ellip- 
soid, 12-16 X 28-32y, the wall smooth, hyaline, 0.5u, the pedicel fragile, broad, 
up to 8u. 

Specimen examined: Hygrophila salicifolia, Chittagong, India, Sept. 9, 
1911, R. Sen, type. 

As discussed elsewhere (Mains, 1938a) the telia of Blastospora are 
superstomatal. Apparently this species is known only from the type 
collection. 


MARAVALIA ASCOTELA (Syd.) Mains, Am. Journ. Bot. 25: 678. 1938. 
Blatospora ascotela Syd. Ann. Mycol. 33: 52. 1935. 

Pycnia amphigenous, subepidermal, deep seated in the host tissue, spher- 
ical, 100-160, in diameter. 

Telia hypophyllous, 0.1-0.2 mm. across, densely grouped about the 
pycnia, subepidermal, pulvinate, waxy; teliospores cylindric, 13-16 X56-70y,, 
the wall very thin, 0.54, hyaline, smooth, the pedicels hyaline, thin-walled, 
6X 20-30u. 


Specimen examined: Hedyotis stylosa Brown, Ootacamund, British 
East India, Dec. 6, 1932, J. R. Mitten (107, type). 


Maravalia pressa (Arth. & Holw.) comb. nov. 
Uromyces pressus Arth. & Holw. Mycologia 10: 125. 1918. 
Argomycetella pressa Syd. Ann. Mycol. 20: 124. 1922. 

Pycnia not seen. Arthur and Holway (l.c.) state that they were found 
sparingly on one specimen, describing them as epiphyllous, subepidermal, 
globoid, 110u in diameter. 

Uredinia mostly hypophyllous, scattered or in small groups, subepidermal; 
urediniospores ellipsoid, 21-26 X 27—32y, the wall yellowish or pale cinnamon, 
2.5-4u thick, moderately echinulate, the pores 3, equatorial. 








178 BULLETIN OF THE TORREY CLUB (VOL. 66 


Telia hypophyllous, scattered or in smal] groups, subepidermal, white; 
teliospores oblong or oblong-ellipsoid, 16-18 XK 29-35, the wall hyaline, thin, 
0.5u, the pedicel hyaline, up to 20u long. 


Specimens examined: 

Vernonia Deppeana Less. San Lucas, Toliman, Solola, Guatemala, 
Feb. 2, 1915, E.W.D. Holway (173); Malacatancito, Huehuetenango, 
Guatemala, Jan. 24, 1917, E.W.D. Holway (779); Cartago, Costa Rica, 
July 2, 1923, F. L. Stevens (202); San Jose, Costa Rica, Jan. 3, 1916, 
E.W.D. Holway (361, type); El Alto, Costa Rica, Jan. 16, 1916, E.W.D. 
Holway (432); Cartago, Costa Rica, Jan. 20, 1916, E.W.D. Holway (450). 

Vernonia sp. San Ramon, Costa Rica, Jan. 13, 1916, E.W.D. Holway 
(413). 


Maravalia pura (Syd.) comb. nov. 


Argomycetella pura Syd. Ann. Mycol. 23: 313-314. 1925. 

Pycnia amphigenous, mostly epiphyllous, in small groups, subgloboid, 80- 
100 X 100-120u, deep seated in the host tissue. 

Uredinia mostly hypophyllous, grouped about the pycnia or scattered, sub- 
epidermal, pale cinnamon; urediniospores obovoid or ellipsoid, 18-23 X 26-32y, 
the wall 1.5-2u, cinnamon, moderately echinulate, the pores 2, equatorial. 

Telia hypophyllous, subepidermal, scattered, white; teliospores oblong or 
ovoid, 16-18 X 28-34, the wall hyaline, thin, 0.5 or less, the pedicel hyaline, 
up to 30u long. 


Specimen examined: Vernonia patens H.B.K. La Caja, San Jose, Costa 
Rica, Jan. 6, 1925, H. Sydow (type). 

This species is closely related to the preceeding, differing in having 
urediniospores with thinner walls and fewer pores. 

In Dietel’s classification (1928) Marvalia should be placed in the tribe 
Eriosporangieae, on account of the pedicellate teliospores. However, 
Chrysocyclus, placed by Dietel in the Eriosporangieae, and Maravalia are 
very similar to genera of the Oliveae in teliosporic characters, a tribe which 
Dietel has placed some distance from the Eriosporangieae. With Chryso- 
celis of the Oliveae they apparently form a developmental series; Chryso- 
celis with one-celled sessile teliospores, Maravalia with one-celled pedicel- 
late teliospores and Chrysocyclus with two-celled, pedicellate teliospores. 
It should also be noted that a number of genera with similar teliospores 
form a parallel series in which the teliospores instead of arising singly from 
a compact hymenium, are produced in groups from laterally free basal 
cells. In this series are Chaconia, Olivea and Desmotelium with one-celled, 
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sessile teliospores, and Allopuccinia with two-celled pedicellate teliospores. 
It is believed that this arrangement best indicates the relationship of these 
genera. 


UNIVERSITY HERBARIUM 
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